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INTRODUCTION 


This paper discusses the design of small head frames that will fill 
the needs of prospectors and small operators whose operations are conccl 
ed through shafts. The head fremes considered were designed to hendle fr 
atively small tonnages. It was assuned that the shafts in which buckets 
are used would not exceed 300 feet in dapth end that not over 60 tons o: 
rock would be hoisted in 14 hours. In the design of the larger head fra 
a hoisting capacity of about 250 tons per 6 hours from a depth of 300 tc 
500 feet was assumed. Under these conditions, hoisting speed, rate of 2 
celeration, and weight of rope have a negligible effect on the head frax 
design and, therefore, have been ignored in the following discussion. 


Because timber is relatively chcan and easily obtained in most mini 
areas, the discussion has been confined to timber construction. 


{wo general types of head frames are discussed - those for single-< 
partment shafts, in which buckets are used, and those for three-compar't: 
shafts (two employed for hoisting), in which hoisting is done in balance 


in cars, or cages, or skips. These two types are considered for toth 
vertical and inclined shafts, 
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STRENGTH OF NATIVE SPECIES OF TIMBER 


In designing a head frame of any consecuence it is necessary first to 
cide upon the species of timber from which the structure is to be built. 
is is necessary because the stresses the various woods will withstand 
ry rather widely. In very modest structures for small-scale development 
‘sis of little immortence. In larger ones it should be considered. 

e in table 1 are given «s a guide to the relative strength of 
cet. 


The basic allowable tensile stress for steel used in timber construc= 
x” is as follows: 


Long bolts and tie-rods ..cecsccccessevee 10,000 lb. per sq. in. 
teel pletes for bearing and bending .... 10,C00 lb. per sa. in. 
HoiStin€ TOPES eeccsesecveccseesee Ultimate breaking strength as 


given for each rope by the 
menufacturer. 


The formula generally used for calculating the strength of columns 
7s¢ length is greater than 15 times the least dimension is 


p/A = K (1 - L/60D) 


P= total load supoorted by timber, pounds; 


A 


it 
au 
a} 
) 
es 


souare inches; 
K = besic stress parallel with grain, pounds per square inch; 
L = unsupported length, inches; 


D= least transverse dimension, inches. 


ll 


STRESSES TEAT aCT ON S!ALL HSAD FRAMES 


the stresses in a head frame result fiene! (1) deed loads, (2) live 
«38, and (3) wind loads. | 


ad-load stresses result from the weight of the head frame, sheave 
“8.8, and attached structures, such as ore bins. In the case of an ore 
~ Spported by the head frame, 25 percent of the actusel veight of its 
“8518 should be added in entering the figures in the calculation, as the 
“"£ ore has the characteristics of a live load. It is not recommended 
“ore tins be attached to the head frame. _ 
| “ S. Department of Agriculture, Wood Handbook: September 1935. 

waley, W. W., Mine Plant Design: McCraw-Hill Book Co., Inc., New York, 

La5, pe 90. 
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the live-load stresses are caused by the weight of the cage, car and 
vents (or skip and contents), and rope; as the head frame should be 
‘cig enough to withstand any possible load, the breaking strength of the 
61s considered as an additonal live load. The distribution of the live 


< among the members of the head frame depends on the angle the rope 
‘es with the horizontal, 


Wind-load stresses usurlly are based on assuming that the heed frame 
cempletely housed and that the horizontal pressure is 40 pounds per 
are foot. This load, however, can be disregarded for the type of head 
ce under discussion; an ample factor of safety is provided by the method 
caiculating live~load stresses, and the sizes of members will be based 


tne breaking strength of one rope with a cage ond car or a skip on the 
er rope. - 


Determination of Stresses in the Head Frame 


It is not necessary to make a critical examination of the stresses in 


Nnenber of w small head frame, as wovld be advisuble for large wooden or 
ei: head frames, 


the first step is to determine the total suspended weight on the rope. 
i this the rope size is decided upnfor the size of operations under con- 
*ration a safety factor of 7 has been taken. The total load times 7 will 
® the minimum breaking strength of the rope to be used. For example, a 


Aa with contents and crosshead weishg 1,600 pounds; 1,600 x7 = 
<20 pounds, 


Consulting & rope manufecturer's handbook, we find the nearest size to 
80x19, 3/8-inch-diameter rope, With a breaking strength of 12,600 

“8. For lerge ropes (greater than 1 inch) and deep shafts (deeper than 
-eet) the weight of the rope and the force to accelerate the load and 
"ope mast be considered in selecting the rope size.2/ 


sures 1 and 2 show the essential features of A-type head frames. 

ter of the posts shown (3 inches per foot) need not be adhered to 

, ly. It may be reduced to 2 inches per foot, provided the front posts 

- Still clear the shaft collar. The resultant is found by determining 

"actions on the ends of the sheave girder that would occur in breaking 

"** On one side with an empty cage and car on the other side, these 

ope re applied at the sheave wheels. The resultant acts along a line 
"isects the angle between the rope in the shaft and the rope to the 

- In the present paper the rope is assumed to make an angle of 45° with 
“orizontal in all cases, The resultant is resolved into two components, 
erallel to the back posts and the other parallel to the front posts. 
“sulting components represent the forces to be resisted by the respec~ 

® bosts, There are no resulting hoisting stresses set up in the bracing 

Smuts of the A-frame 

aley, WW, W., work cited in footnote 
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Figure 1-B shows, diagrammatically, the solution for the resultant e: 
the stresses in the posts. This diagram is constructed in the following 
manner: The rope used is 3/8 inch in diameter and has a breaking strenz‘t 
of 12,600 pounds. For the simple head frame under discussion there is on; 
one rope. The total possible load, therefore, will ecual the breaking 
strength of this rope. The A-frame is drawn to a suitable scale. The 
length of the posts is that represented by the slant height, which is s::: 
ly more than the verticel height. As a rule no appreciatle error results 
if the vertical height is used. Next, the rope is drawn from the apex c? 
the A-frame, and the desired angle with the horizontal (in this case 5°} 
is thus made. Using any convenient distance (wsuaelly 1 inch), lay off 
equel distances on both the front and back portions of the rope. By near: 
of triangles a parallelogram (#s shown by the dotted lines in figure 1-2, 
is drawn, The length of the long diagonal through the parallelogram re- 
presents the factor by means of which the resultant is found. For exar1 
in the figure l-inch sides were used for construction purposes, One incs 
then ecuals 12,600 pounds, which is ecuivalent to the breaking strength c! 
a 3/8-inch rope. On scaling the diagonal it was found to be 1.85 inches. 
The resultant is equal to 1.65 x 12,600 = 23,300 pounds. To find the 
stresses in the posts a stress diagram is drawn. By means of triangles, : 
on the A-frame, is transferred to one side. To Some convenient scale its 
length (magnitude) is made ecual to 23,300 pounds. Lines parallel to tz 
back and front posts are transferral as shown. Scaling these lines and co: 
verting to pounds give the stresses in the posts, As there are two técx 
posts and two front posts, the load on one back post is equal to 1/2 x 
17,500 = 8,750 pounds; and on one front post it is 1/2 x 6,900 = 3,450 
pounds. No stresses result in the struts and bracing, 


To find the stresses that act in the bracing and struts of the trans 
verse frames, the resultant reaction arising from the breaking rope and 
the cage and car is resolved into front- and back~post components in the 
same manner employed for components in the front and back posts. A stre 
diagram is then drawn for each frame, and the resulting stresses are deté 
mined. These stresses are very small when compared with the stresses ir 
the posts and for present purposes need not be determined for small tint: 
head frames subjected to relatively light loads. Because of the framirg 
and connecting of the timbers a larger piece is required than is indica‘t 
by the calculated stresses. In structures requiring posts & by §& inches 
and up to 14 by 14 inches, the struts may safely be made of material hal: 
size of the posts. For example, with 8- by 8-inch posts use 4- by 8-inc! 
material for the compression members (struts); with 12~ by 14-inch posts 
use 6- or 8- by l4-inch material. For the tension members (bracing) ti: 
should be employed. For the smaller frames, 3/4-inch rods are suitatle, 
and for the larger, l-inch rods, 


To determine the size of the posts, use is made of the streight-—lin: 
column formula: 
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P/A = K - K L/60D, 


P = total load column will support, pounds; 
A = cross sectional area of column, square inches; 
K = basic allowable compressive stress parallel to the grain for 
the particular wood under consideration (see table 1), 
pounds per square inch; 
L = unsupported length of column, inches; 
D = least dimension of rectanguler column, or diameter of round 
column, inches. 
Yor examole, if we assume a length of 13 feet for the colum and the 
Sic stress for pine that are given in table 1, and assume a stress of 
1000 pounds to be resisted by the column, we can find the size of timber 
‘using the above column formula, 


Trying an 8- by 10—inch section 


Ep 
8x10= 


S00 ~ (800 re = 540 pounds per scuare inch 


P= 8 x 10 x 540 = 43,200 pounds. 


An 8 by 8-inch timber would withstand but 34,560 pounds, so that one 
‘ty 10-inch in size must be used. 
eeve Girders and Sheave Posts 

sheave girders and posts must be designed to resist bending. The re- 
“tant of the breaking-rope strain is resolved into its vertical and hori-- 
~~ COmponents. These two forces are considered as acting at the center 
‘the sheave, This is not strictly true, for actually one-half of each of 
“se forces acts at the journals of the sheave wheel. By assuming the 
Hon at the center, the calculations are simplified, although a somewhat 
“reer force must be resisted, which may require a slightly larger timber; 
‘erefore, the assumption is on the safe side. The sheave girder is assumed 
D act asa simple beam. The reactions of the forces that act at the sheaves 
*e determined, and the girder is designed to resist bending, based on the 
‘ximm reaction, 


> 
WD = = 
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A formula suitable for this is 
C 
M/f = ta /6, 


d= -~ 6M/fo , 


where 
M = bending moment, inch-pounds; 
f = working stress in extreme fiber, pounds per square inch (se 
table 1, columns K), for steel, f = 16,000 for our purpose; 
b = breadth of section, inches; 
d = depth (face parallel to force acting) of section, inches. 
The atove formula is sometimes expressed as S = pa /6, where S = Kf: 


the section modulus, 


The bending moment M is found by multiplying the reaction (expressed 
in pounds) at the center of the support (end of girder) by the distance *: 
the center of the support, in inches, to the center of the sheave wheel. 
Assuming a breadth of beam b, which details well with the dimension of iz: 
posts, the depth can be found. 


Example: 


A sheave girder is & feet between centers of supports. The centers 
of the sheave wheels are 1.5 feet from the ends, The loads on the sheave 
wheels are 8,000 pounds on the left side and 30,000 pounds on the right 
side. The breadth of the beam is taken as 12 inches. What should te 1‘ 
denth? 


The maximum reaction will occur on the right side. It is 


1.5 x 800 + 6.5 x 30,000 
R= pane 00 - 6.5 x 30,000 = 25,900 pounds. 


The maximum bending moment will occur at the point of application ¢c! 
30,000—-pound~ load: 


M = 25,900 x 1.25 x 12 = 456,200 inch—pounds,. 
The size of the girder may safely be based on 80 vercent of this ile 


466,200 x 80 percent = 372,960 or 373,000 inch—pounds. 
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Assuming the girder is to be mede of a sood grade of Dougles fir, 


f= 1,300 pounds per scuare inch. 


2 
6 x 513,000 = 12 inches, 


1,300 x le 


The girder would be a le- by le-incn timber. The sheave posts are 
lected in the same manner. In many cases the size of the timber selected 
ist te increased because of insuffici-snt bearing area. For example, the 
ree exerted by the back post of a head frame is 40,000 pounds; the post 
ian 8 by inch timber. It is purnosed to rest the end of the post on 
.& ty 16-inch timber. 


The area of the 8 by&is o4 square inches. In end bearing it will 
ard 1,300 x 64 = $3,200 pounds. 


In bearing perpendicular to the grain, the sill will withstand 275 
o4= 17,600 pounds. This is only 44 percent of the load it must take. 
‘there is no option but to use a wooden sill, then the post must te in- 
‘ased in cross section to give a bearing area of 40,009 divided by 275 = 
“ sciere inches; a 12- by 12-inch or 10- by 14¥- inch timber could be used. 
\elternative would be to employ a steel or cast-iron bearing plate of 
2 sguere inches net area and appropriate thickness, 


steel Plates and Eolts for Connecting Sheave Posts to Sheave 
Girders or Sheave Girders to Main Posts 


Plates for this purpose are shown in figures 11, 12, and 16, Their 
eTing area on the wood, effect of shear on the wood, and the thickness to 
‘Sift tending in the plate must all be found. 


For exannle, a pair of sheave rosts must resist a load of 24,000 pounds. 
“tay ke eccumed that each nost will take 12,000 pounds of this, The re- 
ith ét the ends will bé 6,600 pounds, as the load occurs at the center. 
“Sccmn in the drarings, there is a plate on each side of the sheave post 
“rected by a bolt. When the load comes on the post, half of the plate may 

to resist the full 6,000 pounds. The bearing area of the plate will te 
usted os the basis of a 6,000—-pound load, as will shear in the timber. 
Salts 6. ve connecting bolt, both plates will tend to resist bending. 

€ tricuness of the plates will te based on a load of 1/2 x 6,000 = 3,000 


Ten Dovrlas fir, structural grade is used, with tearing of 300 pounds 
“* Ssuere inch perpendicular to the frain, 6,000/300 = 20 scuare inches 


“e required, 
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Tee SHEAVE: Poots: are = Dr LOsine 4... CAG Arar ea C2 ee 
& inches, The other is 207% = 2.53 say 3 inch. This represents half of 
the width of the plate. The plate will te 2 x 3 = 6 inches wide and its t= 
that shown in the illustrations. 


Shear in Posts and Girders 


For shear, 170 pounds per scuare inch is used as the safe load, 6,00 
= 35.3 square inches. Both the post end the girder are 10 inches deep. t 
recuired width is 35.3/10 = 3.53 inches. The post is 8 inches wide, and th 
plate extends over a still greater length on the girder, so each is safe *. 
shear. 


Thickness of Plate 


- 


The plate extends 3 inches on eech side of the center of the connectix 
bolt. The acting force is 3,000 pounds. This gives a pending moment o- 


3,000 x 3 = 9,000 inch-pounds. 
From 


m/f = va°/6 , taking f = 16,000 for steel, 


ade = 1.06 or 1 1/8- inch plete. 


16,000 x 3 


Connecting Bolts 


The tensile stress on the bolt is 6,000 pounds. 


6,000/16,000 = 0.375 square inch net area (area at the base of 
the thread). 


The nearest listed size to this is 7/8 inch. A l-inch diameter telt 
will be used, es that is most likely to be carried in stock. 


Bolts Tying Top and Bottom Sheave Girders Together 

For the vertical end horizontal components of the resultant to te | 
distributed to both girders, and also for the sheave posts to be firmy ¢ 
in place, the girders are connected by bolts. Taking the net vertical c¢ 


ponent that acts on the girder as 32,200 pounds, with one bolt beside es 
sheave post (see figs. 6, 16, 11, and 12), each bolt will withstand 


32,200/2 = 16,100 pounds. 


5388 -10- 


Google 


I. C. 6943 
Its net area is 16, 100/16, 006 = ] square inch. 
Al 3/S-inch diameter rod is necessarv. 
rer Bolts 


The number of bolts for fastening sheave ae to posts and sheave 
sts to girders may be found by use of tables©/ 2, 3, and 4. Teble 3 is 

r connections of the tyne shown in figre 4¥;table 4 for connections shown 
ficire 11, which illustretes the connection of the shecve girder to the 
mt post, or (fig. 10) the sheave posts to the girders. If metal splice- 
stes are used for tension joints, like that shown in figure 4 the full 

lues in the table are used; when wooden splice-plates one-half the thick- 
ssof the main member are used, 80 nercent of the values are taken. For 
amie, the total reaction at the ends of the top and bottom sheave girders 
‘200 pounds. Assuming that this istaken equally by each girder, bolts 

st be selected to sustain 4U,200 $ 2 = 22,100 pounds. The girder is 10 
ones thick. 


Trying a l-inch bolt, L/D = 10/1 = 10. From table 4, group 3, the ef- 
ciency equals 67.2 percent. The tolt factor for @ l-inch bolt = 1.27 from 


¢ seme table, 


From table 2, the basic stress perpendiculer to the grain is 275 pounds 
r square inch: 


275 x 67,2e% x 1.27 = 235 pounds per sauare inch. 


This allowable stress, multiplied by the length of the bolt and di- 
terof the bolt, gives the load sefely talzen by each bolt: 


e45 x 10 x 1 = 2,350 pounds per bolt. 
Munber of bolts required is 22,100/2,350 = 5.4, or 10 bolts. 


Your tolts will be put through the girder and the remaining six through 
° Sipporting block. 


“ve Post Connections 


=8 vertical component is 57,c00 pounds. There are two posts, rep- 
senting four connectionse 57,200/4 = 14,300 pounds at each end. 


i i eee 
-- S. Dent. of Agriculture, Wood Handbook: September 1935, pp. 131, 132. 
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TABLE ec. ~ Besic allowatle stresses for calculating sefe loads 
for tolted joints/ 


Besic Stress 


Soft woods (ccnifers) | Parallel | Perpendicla 
with the to the gréis, 
grain, pounds per 
pounds Square inch 
per 
square 
inch 


Cedar, northern end southern; fir, balsam 

and commercial white; hemlock, eastern; 

pine, lodgepole, Ponderosa, suger, north= 

ern white, and western white; spruce, 

Englemann, red Sitka, and white 800 150 


Cedar, Alaska, incense, Point Orford, and 
western red; Douglas fir (Rocky Mountain); 
hemlock, western; pine, Norway 1,000 200 


Cedar, eastern red; cypress, southern; 
Douglas fir, coast; larch,western; pine, | 
southern yellow; redwood; tamereck 11,300 2 


1/ For dry, seasoned timbers; for timbers occasionally wet but quickly 
dried use three-fourths listed value; for timbers that are damp or 7 
most of the time usetwo-thirds the listed besic stress. 
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TABLE 3. —- Percentage of basic stress parallel with the grain 
for calculating sefe bearing stresses uncer bolts 


ogth of bolt in main} Percentage of basic stress for common bolts 
ater, divided by its (yield point 45,900 pounds per sauare inch) 
meter (L/D) 


Group 1 woods Group 2 woods Group 3 woods 


hcige Cassestadeataaewane-ere 100.0 100.0 100.0 
er ee ee 100.0 100.0 100.0 
sane Geena ele eee ere 100.0 100.0 100.0 
 cmecetienee ees 100.0 100.0 99.7 
age eaen eeu ewes 100.0 100.0 99.0 
) veevcevcceeccevegs 100.0 99.3 96.7 
Loeceeceeececsccaes 99.5 97.4 92.5 


) eovereccevcesenrvere 97-9 93.8 86.8 
Sqtreraeiate meee eee aneaes 95.4 83.35 &0.0 
d wisisaes@avareceuee save sree 91.4 82.2 73.0 
ee ere &5.6 75.8 - 67.2 
Dy pab-eleesseleww are wieisie-exe 72.0 70.0 62.0 
sucess otaweew es aears 73.4 65.0 57.6 
) asidues spose ee 68.5 60.6 53.7 
See ee ee 64.2 56.9 50.4 
) Wieiteaaeeeteeaes 60.4 53.5 474 
Hea eaieauinathe dei usilediess 57.1 50.6 yg 
mg CCeeecescsvreseeeee 54.1 u7.9 He 4 
: Crvecevecsceceseseves 51.4 U5 .5 40.3 
SO iGiesatewoa eat aes 48.9 43,3 38.4 
a iare ua @-ave uaionenetend evans Boe] Hr.4 36.6 
> seceosenseovneeseneece Yu, 7 39.6 5520 
gsilelaue ovAG  autareSeoare-ars 42.8 37.9 33.6 
a) eetaweeceseeeses 41.1 36.4 32,2 
covecsreaseeseseeenese AO 45.0 31.0 


Nm 
ow] 
(| 
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TABLE 4. - Percentage of basic stress perpendicular to the grein 
used in calculating sate bearing stress under bolts 


Length of bolt in main Percentage of b sic stress for common tolts 
member, divided by its (yield point 45,000 pounds per scuare its 


diameter (L/D) 


Group 1 woods Grouv 2 woods Group 3 woods 


tO 5, INClWSi Ve: tue ecen 109.0 100.0. ~100.0 
Sree cee Tee eee Tee ee 100.0 100.0 | 100.0 
O. sasictaetccars evecare angen cravaioanee 100.0 — 100.0 100.0 
6.5 ecooveeresseseececeecoe 100.0 190.0 °° 99.5 
| awaiceweesie ee wee ewewues 100.0 100.0 97.3 
ism er er ee ee ee ee ea ee 100.0 99.1 63.3 
a eer rr er 100.0 9o.1 88.1 
8.5 eoavoeseseeeeeeeneeese 98.1 o1.7 | 82.1 
oe er er ere ree 94.6 86.3 rise 
9.5 eeeevneveeseeesn even 0 GO.0 80.9 Tied 
IO? <acgGeveuw eo erece ate ow we ae wee 85.0 76.2 ' 67.e 
LO iD: tages saa ore ae aetna 0.1 are 71.6 . 62.9 
Il, cg Gheweaeeee es aeuame es Poul 670 59.3 
DL 65 xsiccete Ssdiaiev neice oe care's aes 72.1 64.1 55.6 
Le) mekeetewee beawsuneeees 63.6 61.0 52.0 
M2. deaaseee weet wa aeas 65.3 58.0 - LG,0 
TD: seiasece wees ciee-etowale ees 62.2 55.3 45.9 


Diameter of 


Diameter 
factor 2.50) 1.95}1.68)1.52)1.41}1.33 


-~ 


127 1.19/1.14 1.10 11.07]1.03 - 
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Trying 1 1/4-ineh-diameter bolts, the nost being & by 10 inches, 


L/D = 10/1.25 = &. The efficiency = &8.1. The bolt factor = 1.19 


Stress per bolt = 275 x 88.1% x 1.19 x 10 x 1.25 = 3,610 vounds. 
14, 300/3,610 = 4 volts. 


mnection of Struts to Main Posts 


— 


If a connection of this kind becomes desirable it may be made in one of 
io Ways: By bolts passing through one member at an angle, which recuires 
reuse of an angle washer, or by steel splice pletes, which necessitate 

ic plates end four bolts (two in the strut and tvo in the post). Quarter- 
icn plates and 3/4-inch bolts are suitable in either case, 


Built-Up Sections and Syliced Members 


ult-Up (Leminated) Sections 


It is thought by many that built-up sections are as strong as or strong- 
‘than the equivalent area-size solid piece. This is not true in all casesl/- 
1 the case of beams made of uniform planks with vertical laminations, the 
Temvtn of the laminated beam is probably as greet as that of a solid timber 
- egvivelent dimension. For those members of a head frame that act as beams 
heave girders and sheave posts) it is not recommended that they be of lam- 


iated construction. A well~seasoned solid piece, free from knots and cracks, 
ould be used. 


~ 


For the posts and struts, lamineted members may be used, provided the 


Wividuel planks are selected cerefully for uniformity and freedom from 
pee ue and ees 


is ee (sast transverse dimension, in inches, 
oot eos nade of 8- by 1C-inch timber. The L/D ratio is 10 x 12/8 


ror tris retio the efficiency of the built-up column is a certain per- 
-c£e of a solid 8- by 10-inch column 10 feet long. 


.  teble 5 rive 


ay. the eheieieiy of laminated columns to solid timbers for 
iven L/D ratios? 


— 


tae. Deot. of Agriculture, Wood Handbook: September 1935, p. 156. 


/ U.S. Dept. of Agriculture, Wood Handbook: September 1935, p. 165. 


~ 
ane 


x3 ~ 15 - 
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TABLH 5. ~ Efficiency of laminated columns 


L/D ratio Percent of solid colwmn strength 


Note: For ratios over 10, the efficiency applies to colums built up of 
individual vieces, full length, or those in which butt-jointed 
pieces are used, 


Figure 3 shows the construction of a laminated column suitable for 
head frames, 


In the head frame shown in figure 6 the greatest unsupported length of 
the back post is 13 feet 9 inches, or 165 inches. If the back post were 
made of solid timber, and 8- by 8-inch stick would be large enough: 


Bix 27 Doge. CO 105 
& x & 3) 


P = 50,400 1b. 
If made of laminated material, 


L = 165 = 20.625. 
D 8 


From table 5, the efficiency for this ratio is, by interpolation, atrout 70 
percent. The area of laminated timber must then be 8 x 8. = 91 square 


inches, -f 91 = 9.53 a 10- by 10-inch section would be necessary. Five 
e~- by 10-inch planks well spiked and bolted together would suffice. 


Because of the great length of the front and back posts and also the 
lower struts on the inclined head frame, it may become necessary to splice 
these members. If this is necessary with regard to the posts, the splice 
should occur near the connection of the strut or bracing with the post, 
Figure 4 shows the details of making such a splice. The head frame shown 
in figure 5 has a splice of this typé. For splicing the posts or struts 
(these are compression members and act as colums} see fig. 1) four bolts 
on each side of the splice are sufficient. Eight 3/U-inch bolts (fig.4) 
suffice for 4" x 6" to 4" x 10", 6" x 6" to 6" x 12", and g" x &" to 8" x 
12" timbers (fig. 4). 
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DESIGN OF A SMALL SINKII'G HEAD FRAG 
(May also be used for small operating properties) 


Figure & end figure 9 show respectively a small sinking head frame 
for a vertical and an inclined shaft. Assume that a head frame is to be 
selected for a vertical or inclined shaft and that ore is to be hoisted in 
& lO=-cubic foot bucket, the size of which is es follows: Top, 25 inches; 
center, 26 inches; bottom, 24 inches; height, 36 inches. This bucket weighs 
350 pounds. A crosshead is used in the vertical shaft arrangement that 
weighs approximately 250 pounds. The weight of the ore in the bucket is 
1,000 pounds. The allowable compressive stress in the wood narallel to the 
grain is 800 pounds per square inch, 


Rope 
Totel weight hoisted = 1,000 + 350 + 250 = 1,500 pounds. 


Using a factor of safety of 7 for the roze, 1,600 x 7 = 11,200 pounds, 
or 5.6 tons, which is the minimum ultimete strength of the rope. Roebling's 
Slue Center2/ or Amcricen Steel & Wire Co. Monitor Silver Strand2/, 6 x 19, 
3/8-inch-diameter rope is satisfactory. They heve an ultimate strength of 
6.3 tons. The desiezn of the head frame, therefore, will be based on the 
treaking strength of this rope. 

Sheave Wheel 

To avoid excessive bending stresses and weir on the rope, the ciameter 
at the sheave groove should be about 45 times the diameter of the rope. 
48 x 3/8 = 18 inches groove-diameter of the sheave wheel. 


Head Frame (Vertical Shaft) 


To provide plenty of dumping room for the bucket, the height to the 
center of the sheave wheel should be about 2O feet. This may be varied to 
suit local conditions as long as the vertical distance of 10 feet betveen 
the horizontal struts is not exceeded. If the 10-foot panel interval is 
exceeded, the size of the posts may have to be increased. If a batter of 
4 inches per foot is assumed for the posts, the width at the bottom will 
then be 14 feet. To keep the resultant of the rope-load inside the head 
frame, the depth (distance from front post to back post) is made 12 feet, 
The width tetveen posts at the top is 14 inches. 


The selection of the timber will be based on the breaking strength of 
tne rope, in accordance with the usual prectice. The angle of the rope 
(sheave wheel to drum) with the horizontal is 45°. (See figs. 1 and 2). 


Roebdling's Sons catalog, Pacific Coéest edition, Jan. 1, 1930. 
American Steel & Wire Co. catalog, May 1931. 


ko 
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The resultant, based on the breaking strength of a 3/8-inch rope (see 
fig. 1-B) is 23,300 pounds. The force thet acts on the back posts is 17,500 
pounds and on the front post 6,700 pounds. There are two front and two 
tack posts, so that each post takes half of these loads. 


A head frame of this type is likely to be built of whatever material 
is most reacily aveilable. <A besic allowable stress of 600 pounds per scuere 
inch will be used. Trying ao 4—- by 6—- inch timber, 


P(4 x 6) = 800 - 800 x 132 divided by(50 x 4) 
= 8,640 pounds. 


This just berely meets the reouirements as determ ‘ined by substituting 
in the formula: 


17,500 x 1/2 = 8,750 pounds. 
The load on the front pet is very small, On the basis of the column formu: 


e. small ee is required. It vill be convenient, because of detailing, to 
make it 4 by 6 inches. 


Sill 


To tie the posts together st the bottom, the construction shown in 
figures 8 and 9 may be used. The longitudinel sills must heave a larre 
enough cross section to resist shearing and crushing. The greatest load is 
on the back posts. The bearing area required is 8, 750/150 = 58.3 sauere 
inches, 


From this we see that if a low-strengtn wood is used for the sills 
the beck posts would have to be increased to 6 by 10 inches in cross section. 
By using a high-strength wood, 8,750/275 = 31.8 sauare inches are required, 
The back posts must be increased to 6 by 6 inches and be made of fir, tam 
arack, or yellow pine. The width of the sill is 5 inches. The depth (to 
resist shear) is 31.8/6 = 5.3 inches. To this must be added 2 inches for 
gaining the post into the sill. The denth must therefore be 5.3 + 2 = 
7-3 inches, The sills will then be of 6- by 8-inch timbers. 


Additional 4- by 6-inch timbers will be bolted transversely across the 


bottoms of the front and back posts. The posts are held to the sills by 
bolts as shown. 


Figure 9 gives the details for this ae of head, frame, and figure Sa 
fives detail for the guides or skids, The dimensions shown may be altered 
to suit the varticuléer bucket used. 
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Tatle 6 gives the essential timber dimensions for sinking head frames 
for a variety of bucket sizes. 


A-TYPE HEAD FRAME (FIGS. 2, 5, 6, 7, 10, 11, and 12) 

Before proceeding vith the selection of the head frame for this 
arrangement, the detail of the shaft collar must be decided upon. This is 
necessary to vrovide for heed frames of proper bottom width so that the 
posts will not crowd the sheft collar and so that the sheave wheels may be 
centered properly and the rope hang vertically in the center of the com- 
rertment. Figure 7 shows the collar layout for the examoles of vertical 
snaft head frames to follov, 

As the head frame is to be cesignec to withstand stress in excess of 
that which will break the rope, it is first necessary to determine the load 
to be handled. | 


A cage for the compartment shown, which will handle one 20-cubic foot 
car, will be assuméd, 


Load 
Pounds 
Caze, 4 feet 8 inches by 3 feet 4 inches; weight........ 1,500 


Car, length 52-3/4 inches; width 34 inches; height 
above rails o-1 /d INCHES; WEllNG 4 aseeecewessewewee 4000 


COME CU Scns eiecoeova o ererecietaie' 26. bers) Bake eG Waele Mel ew Cea Ree ee eae 2,000 
BG Bd abe va la oy eon lo Seca aaron Rae l0 bob AS a See ES L500 
Rope 
4,500 x 7 = 31,500 pounds minimum ultimate strength of rope. The 
nearest size of the best grade of 6 x 19 rope is 5/8 inch, and it has a 
treaking strength of 16.6 tons, or 33,200 pounds. 


Sheave Wheels 


4S x 5/8 = 30 inches groove diameter. The outisde diameter is 34 
inches, : 


Head Frame 


Height to center of sheave wheel is 36 feet. Batter of posts, atout 
3 inches per foot. 


Google 


—- Oc - ; B2¢G 


*UMOUS SOZTS SULTIA4Te 4ynoyITM pesn oq Aeu yout erenbs sed spunod 0Q0g FO ssei4s ofseq @ 44TH poom /e 
°6 pue 2 soumStjf UT UMOUS SUOTSUSUTp esQ * [Te 1Ojf oZ4Ts ous SutToeiq pue syni4g /T 


Original from 
THE OHIO STATE UNIVERSITY 


6 6 l 3x9 gT 
3 2 9 9=z9 eT 
) 8 9 9=z9 OT 
3 3 9 9x9 6 3 
3 3 G 9x9 G°3 4 
3 3 G 9x9 oa, 
8 3 G 9x9 9 
3 3 G 9x9 | & 
(eg | TaokE [Hoe | WORE || Hoe | qwore | seer] WoT | paeassoS | apne 
00G=F ‘ueety | OOOT=F ‘410 }, O0G=5 noes OOOT=5 a. np ih Pe ie rr ask Pi Pee | —- 
I9}awelp ites punoy | bidontua ao nonabiae refuel ee ss qexong 3 
284sod eyeut xouddy (9 
[78 EHONA @ZTS=SNOTIeA UTM *Sewers Peay sUTHUTS IOS siequem IO eztg — *9 TIdVL i 
G69 °O °I 2 
916006-pd#esn ssad0e/buo'isnuytTy ey'MMM//:d11Yy / pazT1THtp-3)6o005 ‘utewog IT1qGN¢ 
ECOVPIOELOSEVZE NSO//Z7OZ/}aU'apueYy' ypUu//:sdjiyY / IW Lv:ZO 8I-60-7ZOZ UO paj}e4auay 


I. C, 6943 


Top 


The distance between centers of the hoisting compartments is 4 feet 10 
inches, or 58 inches. To this must be added clearance for sheaves and con= 
struction outside the centers. On the center line of the sheaves the width 
is approximately & fect 10 inches. 


Width 


With a batter of 3 inches per foot, the width is 3 x 36 = 108 inches = 
9 feet. 


2x 9Q feet + & feet 10 inches = 26 fect 10 inches. This is greater 
than necessary. In order to clear the shaft collar, only ec feet are re- 
quired. The width will therefore be 22 feet inside the posts. 


Depth 


The position of the resultant (rope angle, uBO) shows that a depth of 
approximately 18.2 feet is satisfactory. 


Panels 


A panel spacing (distance between horizontal members) of 12 feet would 
be satisfactory. 
Stresses 


The resultant of the forces acting is 49,100 pounds. This is found by 
considering one cage and car and one cage loaded with the rope breaking. 
The stresses in the back post are 39,100 pounds, and in the front post 11,200 
pounds, The vertical component of the resultant of the breaking rope is 
57,200 pounds, and the horizontal component is 24,000 pounds. 


Back Post 
The maximum length of an unsupported section is 13 feet 9 inches or 165 
inches. Trying an 8 by 8-inch timber with a basic allowable stress of 1,200 
pounds per square inch 
p/(8 x 8) = 1,200 ~ 1,200 x 165/(60 x 8) 
P = 50,400 pounds. 
A 6= by 8+inch timber is too small, so that an 8 by 8-inch section must 
be used. An 8 by 8-inch piece with a basic allowable stress as low as 900 
pounds per square inch would prove satisfactory. 
Front Post 
Recause of sheave girder connections and connection of pusts, an 8 by 
8.inch timber will be used, although on the basis of the stress (11,200 


pounds) one much smaller could be used. 
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Bracing and Struts 


Maximum compressive stress is 1,900 pounds. The maximum length of the 
member is 204 inches. Because of connections to the posts, a by 8-inch 
piece will be used. It will stand a force of 5,800 pounds. (For exceptions 
to this size see figures 5 and 6.) | 


Rods 
The maximum tensile stress is 4,200 pounds: 
3,200/16,0C0 = 0.2 square inch. 


A 5/8-inch-diameter rod, after threading, has a net area of 0.202 square 
inch. the 3/4~inch rod is more likely to be carried in stock, so that it wil! 
be used. , 


Sheave-Girder Details 


The sheave girder, sheave posts, and their connections are found as 
previously discussed. Details of constructing three types of girders are 
shown in figures 10, 11, and 12. Refer also to tables 7, 8, and 9. 


FOUR-POST HEAD FRAMES (FIGS. 13 AND 14.) 


The main members (posts, struts, and bracing), with few exceptions, are 
the same sive as for the simple A-frame. The exceptions may be found by cor- 
sulting the illustrations, Figure 14 is not, strictly speaking, a four-—post 
head frame. There are only two front posts instead of four, as shown in fig- 
ure 13. The sheave-wheel support, however is the same as that shown in fig- 
ure 13, so for that reason it is classed as a four-—post, or semt four—post 
head frame, " 


The selection of the members for supporting the sheave wheels for this 
type of frame presents a somewhat different problem than heretofore discussec. 
It is in many ways simpler and more satisfactory than the A-type, but the tots 
amount of timber for such a head frame is a little larger, whereas the total 
cost is slightly less. The lower cost results because not so much iron is re- 
quired. The &~ by &-inch cap is put in merely to tie the posts together at 
the top, It is attached to the posts by means of strap bolts and drift bolts 
(see figure 15). In order that the size of the transverse sheave girders may 
be reduced, diagonal struts supporting them at their centers and resting on 
the top horizontal struts are used, <A pair of these diagonals is placed in 
the plane of the two front posts and another in that of the two middle posts. 
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TABLE 7 — Size of material for A-type 


Timber, kind 


Douglas fir, coast eece: 


Douglas fir, mountain , 
HOMLOCE sf ircey segs ¥ilside 
Tamarack @rerterenpeeeeets ee 
Pine e@ereveveseaeeeoe eee ee 


Pine, sguthcrn yellow ,. 


Douglas £i%, coast eee 
Douglas fir, mountain . 


BOMLOCE 60s beth e deh esas 
TAMSTACK os sk scaececaes 
TING eK wae el ae ee es 
Pine, southern yellow , 


Douglas fir, coast esos 


Douglas fir, mountain , 
BOMLOGE: 644544568 50Reae 
Tamarack e. ceo eee tee enee 
PING ssscrcrcoasssvoerce 
Pine, southern yellow , 


Douglas fir, coast eee. 
Douzlas fir, mountain . 
Hemlock weccceeccccccce 
Tamarack etererseesesers 
PINE ccvesecccessecescse 


Pine, southern yellow , 


The vertical component is 57,200 pounds. 


Posts, inches 


Front 
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head frames with varvi 


n 
see table 8.) 


loads, vertical shaft. Dry timber (for bolts, 


am OM 


r4 


aM oH Ho 


; Rack 
8x 
8 
§ 

g 

g 

g 

8 x 
10 x 
10 = 

8x 
1G ie 

8x 
12 
12 
12 
12 
12 
12 
Le 
le 
12 
12 
12 
12 


a ie le Mie i. Ma 


Sheave | Sheave 


girders, 
inches 


posts 
inches 


a 


aM MH Oo 


x 
x 
x 
x 
x 
x 


Struts or 
timber 
, (bracing, 
inches 


Bracing 
(tie-rods), 
diameter, 
inches 


3/4 
do. 
do. 
do, 
do. 
dO. 


do. 
dO. 


do. 
do. 


do. 
do. 


Its reactions for the longi- 


tudinal girders are determined, and the maximum reaction is then taken as 
the force that acts on the transverse girders; its reactions are then found. 
This procedure is necessary because the sheave wneel is not directly over 


either set of girders. 


On the basis of the final reactions and the use of 


the formula M/f = ba@/6, the dimensions of the transverse girders may be 


found. 
diagonals this may be reduced considerably, however. 


A 10- by 18-inch or equivalent beam would he necessary. 
The first reaction 


By using 


from the 57,200-pound load is assumed as acting as a concentrated load on 
a continuous beam with three supports. It is assumed, further, that the 
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load is concentrated at the center of the span, although this is not strict- 
ly true. There is no breaking load on the leftspan, and the one on the riz: 
span is somewhat to the right of the center. MTnese departures from the icea: 
conditions are on the side of safety. On the above basis each of the end 
reactions equals five-sixteenths of the load; the middle reaction equals 
twenty-two-sixteenths of the load, and the maximum negative bending moment 
equals 6/32 x Fl foot~pounds, where Fe the load and 1 = the distance betwee: 
the centers of the middle and end support. The middle reaction thus found 
is resolved into components that act along the diagonals and strut at the 
bottom. The diagonals are in compression while the strut must be supple- 
mented with a tension member. 

On this basis we find that the transverse girder may be’ made of 12- 
by 12-inch pieces and the diagonals of 6~ by 8-inch pieces, and that, a 
Bera nenied tametey rod is required for the tension: membere °° * 


The size of the longitudinal girders or sheave-wheel supports is de- 
termined on the basis of the 57,200=pound component. There are two girders 
for each wheel, each of which takes half of this load. The solution is fouz: 
by applying the formula for bending in a simple beam, from which the size o- 
timber required is found to be 10 by 12 incnes in section.’ ''' 


HrAD FRaM& FOR AN INCLINED Sate! 


A detailed illustration of a head frame for a shaft inclined 60° fron 
the horizontal is shown in figure 16. ‘This design may de used for any shaft 
inclination between 509 and 80°. About 80° the data for a vertical~shaft 
head frame are employed. The size of the members is based on the maximum 
stresses that arise from these two extremes. The fixed ‘dimersions are: 
Height to sheave wheels, 36 feet; and width of bottom, 22 feet; for the 
609 slope the depth is 29 feet. 


Load 


A gross load of 4,500 pounds is assumed. This allows for 1 ton of ore 
and 2,500 pounds for the weight of the skip. ‘The construction shown will 
prove satisfactory for a load up to 5,500 pounds without | arenas the size 
of the penvenes 

Posts 


Tne sizes of the posts are based on a basic allowable compressive 


- stress of 1,200 pounds per square inch. 


Sheave-Girder (Detail) 


The sheave-girder detail is exactly like that of the vertical head 
frame and is determined in the same way. One similar to that shown in 
figure 11 probably will prove satisfactory. The components on which the 
sizes of the members are determined are those normal to the front posts 
and parete} to the front posts. 
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‘" Table 8 gives the essential data for constructing head frames for loads other 
“an shown in the illustrations. The dimensions are based on the premise that the 
“ift-collar dimensions are the same as shown in figure 7. Slightly greater dimen— 
“yns will not affect the cross-sectional areas of the members appreciably. Small- 
“shaft dimensions constitute an additional safety factor for the material shown. 
-a head frame height greater than 36 feet is necessary, such increase may be made 
~ long as the panel spacing does not exceed 12 feet. Closer panel spacing adds 
“sength to the structure. 


7 TABLE 8. —- Essential details for various loads 


| | Size of posts, Sheave wheel 
“ype |Weight, car,|Factor| Rope  eeesing inches Groove 

-111,|skip, cage, of diameter,| strength dia— |O. D., |Weight, 
onds safety! inch of rope, |Front 'Back meter,|inches! pounds 


inches 


pounds 


= 5500 2,500 7 30 34 201 
“4500 | 2,500-4 , 500 7 6 LO 278 
- 500} 4,500--5 , 500 8 8 ap 655 

g 4g 53 655 


OT 00 


Sheave-girder detail 


Girder tie Bolts, Strutsd Brac= 


-rders, Posts, Bolts, plate, rods, foot girder, jinches]! ing, 
“nches } inches| Plates, inches inches x inches inches inch 
+x 12/8 x 10/+86 x 6 x 1-1/8 Le x 1 6-1/2 x 1-3/8| 10-1 |4 x 8/3/4 rod 
'x 12}10 x 10;4-90 x 7 x 1-3/8}16-1/2 x ae 6-1/2 x 1-1/4) 10-1-1/4!6 x 10 |3/4 

>x 122 x 12}/4-94 x 9 x 1-5/8) 2-19 x 1+1/ 8-1/6 x 1-1/4)10-1-1/4)6 x 12] 1 

>x lo fle x 12/494 x 9 x 14-5/8)2-19 x 1-1/4 | 8-1/6 x 1-1/4)/10-1-1/4/6 x 12] 1. 

| | | 

: Footings 

t Front posts Back posts 

Top Bottom Depth Depth Base plate, inches 

| . 

172 angid £t.9 the) 2: fay. 43 ie an 3 ft. 1 ft.10 inJlOxl0xl 3/8 

Plo inst fb Ly feo Gani Tt.5 tes ft.9 in. |2 ft.8 in. j11xl13x1 1/2 

ftu5 An /2 Ste iw. 1k. FSG Bad PtalO dns SCE AL Ae, 15 1/2x15 1/exl le 


ft.5 in.|2 ft.8 in. |l ft.6 ae ft.10 in.|4 ft.11 in. 15 1/2x15 1/ex1' 1/2 
| 


Table 9 and figure 2 supplement the information given in table 8, By using 
igure 2 the proper location of the hoisting drum may be determined. The data, as 
iven, are only for a rope angle of about 459, although a degree one way or the other 
8 of no material importance, If sheave wheels of a diameter larger than recommended 
n table 9 are used, the dimensions represented by "A" must be increased. <A few 
Qches one way or the other will not affect the size of the sheave posts. A large 


hal rom 


Diatizes by (SOK gle TE Ghe 3 vere 


increase in diameter, however, means that new sieave-post sizes mst be antortats, 
The values given for "A" provide enouzh clearance for the sneave wheels recommenced, 


TAPLE 9, ~ Principal dimensions for A-type head frames (see fig. 2) 


Rope 2f J; inches on 

pull, I fect 

pounds el ne Pa ose Berl O.D hc. 
30 


4,500; a2! 7! ef 36 (232/ lig 1/2 |C 31t2/ 


| (1 (31¢ 1om 
6,500/2! .Untar yn 36 {14 {18 1/2] 31 10" 6 | 22 
8,500;2' 10" 36-{ 14 J18 1/2] 31! 10" B | 22 
18 1/2| 31' 10" us | 22 


10; ne 10") 21 wy 36 | 14 


1/ For rope slope of 45%, H=O.414F =~ G+ 5 ft. 
2/ l= F+1.41r -G -—1.Uir'y h, where r = radius of sheave groove in inches; 
r' = radius of hoist drum in inches; h = distance center of drum is above 
(~) or below (+) the top of the shaft collar, . 
For this column and a shaft depth up to 300 feet, drums are taken with same 
diameter as sheave grooves h was taken 3 feet above collar. 
3/ Figure shown should not be exceeded by 2 inches. 
i/ Use a post batter of about 2 1/4 inches per foot, or make K great enough so froz: 
post footings clear shaft collar. 
\/ For style of sheave girder shown in figure 5. 


Washers 


In the figures, types of washers other than flat ones are indicated by capita! 
letters. Table 10 coordinates such information, 


TABLE 10. — Beveled (angle) cast-iron washers 


Washer 


Angele, degrees 


00 (flat) 


In order to provide uniform bearing between the wood and the washer, the timbe: 
must be notched out in most cases, 
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FOOTINGS (FouNDATIONS)LO/ 


Yor supporting the posts it is probable that concrete f.otings will 
prove to be more convenient and economical than wooden sills. The force 
that acts on the back post is 39,100 pounds. With a bearing stress of 275 
pounds per square inch, 39,100/275 = 142 square inches. ‘Thus, 12~ by 12+ 
inch posts are required instead of the & by &-inch posts used; an alterna-— 
tive is to employ a bearing plate. If the width of the sill is taken as 
10 inches, the sill would have to be 142 # 10 = 14 inches deep to resist 
shear, The sill would than be 10 by 16 inches, allowing 2 inches for gain- 
ing. Bearing plates would be necessary with framing and bolts for fasten 
ing the posts to the sill. In addition, the sill should be protected against 
deterioration from contact with wet ground. 


The size of the concrete footings will be based on a concrete mix of 
1; 2: 4 — that is, 1 part cement, 2 parts sand, and 4 parts aggregate 
(either crushed rock or gravel). For concrete of this mixture an allowable 
compressive stress of 4OO nounds per square inch will be used. The bearing 
power of the scil that supports the footings will be assumed to be 4,000 
pounds per square foot, which is the value usually assumed for clean, dry 
sand. If the footings are to rest on solid rock, this value may be increased, 
althoush for this tyne of construction it probably should remain at 4,000 
pounds. If they are to rest on soft, earthy, damp ground, the allowable 
pressure may have to be reduced to 1,000 povnds per square foot, The 
footings should be designe? to accommodate the maximum possible stress in | 
the posts. (The weight of the footing for our purpose may be disregarded, 
althouzh for very heavy footings, bearing area for the footing must be pro- 
vided to support its weizht also). For the front post this is 11,200 pounds 
and for the back post, 3°,100 pounds. 


Front Post 

Minimum area of top of footing: 11,200/400 = 28 square inches. 

‘The 8 by &-inch post provides 8 x 8 = 64 square inches of bearing 
area, The area of the top of tne footing should be at least twice the 
area of the post or of the bearing plate, if one is necessary. 

2 x 64 = 128 square inches = 0.89 square foot. 

(0.89 = 0.95 foot = 11 1/2 inches, 

The top will then te 11 1/2 inches square. 

Area for the bottom = 11,200/400 = 2.8 square feet. 

(2.8 = 1.71 feet = 1 foot 9 inches, 


the bottom will be 1 foot 9 inches square. 


10/ Staley, W. W., work cited in footnote . 
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The depth, d, is found from the formula: 


Ga = S = tango ace 5 2 x 1.732 
where, 
b = width of footing base, feet; 
ans 


width of column base, feet; 


a- if) = B/le ~ 1.732 = 0.9 feet = 11 inches. 


The depth will then be 11 inches, 

A l-inch-diameter rod or pipe that projects 6 inches into both the foct- 
ing and the post will be used as a dowel to prevent the post from slipping 
from the footing. This will also be done on the back post. 

Back Post 

39,100/400 = 97.8 square inches. 


The post provides but 64 sqnare inches bearing area. A base plate mst 
therefore be used. 


-/97.8 = 9.9 inches or say 10 inches. 

The thickness of the base plate is 1 3/8 inches. 

e x 10 x 10 = 200 square inches = 1.39 square feet equals area of top. 
1.39 = 1.18 feet = 1 foot, 2 inches. 

The top will be 1 foot, 2 inches square. 

39,100/4,000 = 9.78 feet. 
V9.78 = 3.13 feet : 3 feet, 1-1/2 inches. 

The bottom will be 3 feet, 11/2 inch square. 


Depth = 1° “= le x 1.732 = 1.87 fect = 1 foot, 10 inches. 


Material Required for Footings 


By means of Fuller's rule the quantity of sand, gravel, and cement may 
be calculateds 
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Cement = __ii  =¢ barrels, 
C+S+E 
sand =Cxs x 3,8/27 cubic yard, 
gravel = C x g x 3.8/27 cubic yard, 
where 
C = number of barrels of cement per cubic yard of concrete, 
c¢ = proportion of cement in mix, 
3 = proportion of sand in mix, 
g = proportion of gravel in mix, 
C = st - 11/7 = 15 barrel, 


sand ~ 1.57 x 2 x 3.8/27 = O.44 cubic vard, 
gravel = 1.57 x 4 x 3.8/27 = 0.88 cubic yard. 


The volume of a footing is 


v=h/3 (A+B+ -V~Ax B) cubic feet, 
where 

h = depth of footing, feet; 

A = area of top, square feet; 

B = area of bottom, sauare feet, 


For onefront footing, 


V = 0.9/3 (0.9 + 2.8 + ~/0.9 x 2.8) 1.6 cubic feet, 
For one back footing, 
V=1.9/3 (1.2 + 9.8 + -J1.2 x 9.8) = 9.5 cubic feet, 
2x (1.6 + 9.5) = 22.2 cubic feet for the four footings, 
22.2/27 = 0.82 cubic yard of concrete required, 


1.57 x 0.82 =1.29 barrel = 5 sacks of cement, 


5388 2 Gu 


Google 


I. C. 6943 
O44 x 0.82 = 0.36 cubic yard of sand, 
0.88 x 0.82 = 0.7e cubic yard of gravel. 
MATERIAL REQUIRED AND COST OF HEAD: -RAMES 


Tables 11, 12, 13, and 14 give bills of material and costs for typical 
head: frames, The unit prices assumed represent local quotations. The cost 
of bolts, tie rods, and steel plate closely approximates 10 cents per pound, 
fabricated. This includes threading, heading, and nuts. 


For estimating the painting cost, the total area of the members was de- 
termined. It was assumed that 1 gallon of good paint would cover an average 
of 350 square feet of rough timber, and that three coats would be applied. 
It was also assumed that 800 square feet of surface could be painted per 
Man per daye 


The unit cost for the timber is the local price for tamarack, larch, 
or local red fir, structural grade. The erection cost of $30 per thousand 
feet is based on a rate of $1 per hour for skilled labor. For the usual 
small mine, this probably should be increased to about $60 per thousand. 


The actual amount of timber needed was increased 10 percent to allow 
for waste in framing. In estimating the weight of the head frame, the wood 
was assumed to weigh 30 pounds per cubic foot. 


5388 30s 


Google 


I. Co. 6943 


TABLE 11, - Material and cost of head frame shown in figure & 


Item 


posts, front . « « e 
MOSte, Datk. « vs « * 
PStTute «< -s 
* do. oo a ae 
transverse bracings 
Sie OS Ge a eH. oR 
“sheave beam . « e ¢ 
+ dO. a a 
~sheave postS « « « e« 
“ Total 


_ tie POG a « & 4 
. do. + ee SF He. "8 


v 
oS 
° 
-— 
cfr 
n . 

. . e . * e 
* 
« 
° 
° 
>. 


0 angle washers — : 
i flat washers 4... 
sheave wheel ...e e 


Item 


0eE oo 2-4 BE 
‘ie rods and bolts. 
ingle washers. .. 

‘lat washers 
heave wheel 
(rection . . 
oo’ 
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MATER TAL 
| Approximate dimensions, Weight, 
inches x inches x feet Board feet ; feet pounds 
(4x 6x 23 92 es 
| 6x6 x 2h 144 ones 
6x6x 5 3/4 35 —_ 
| 4 x6 x7 3/4 31 _ 
See le 54 59 — 
(6x8 x141/2 116 sate 
6x10 x 2 3/4 14 mene 
6x10 x 4 3/4 24 _ 
6x6x41/2 ° eae 
ns fr ee eet oo 
Se. ee rere were eee eee 
| 
13/4 x 7 ee 14 21 
13/4 x 9 — 18 mf 
11/4 x1 3/4 wee 14 58 
11/4x11/4 aie 5 21 
i We ae — 2 5 
Pi. ei ive _— 3 g 
(2 ee -- 4 13 
3/4 x1 ‘iat 6 
hy» 11/4 sr g 
eee ST ES 
r 
21 inches 80 
COST 
Quantity Total cost 
Bu2 + (10% x 542) = 600 bd. ft.| $25 per M $15.00 
Lis Its 10¢ per lb. 17.80 
6 Les 15¢ per pha 90 
54 2¢ each 1.08 
1 10.00 
600 board feet 18 .00 
= ae A 
~3]- 
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TABLE 12. ~ Material and cost of head frame shown in figure 6 
MATERIAL 


Approximate dimensions, 


| Iron, 
Item inches x inches x feet Board feet 


feet 


Weight, 
ounds 


2 posts, front . ..|8x 8x 4O UOT — — 
2 posts, back 4» .|8x8%x Ul 437 waits ats 
2 strats 4-3. ae +14 x 8 = 5-1/4 28 — a 
do, . * © © ux8xile2 64 — — 
GOs. 4 oa «6 eh ee RSIS Le 67 ~~ oe 
1 etrt «4 «ae a Peete 35 — — 
o StHth.s a4 «© 2 4 & POS Sz S/S 130 eae on 
l gtrat ssw s SOR Ss K-74 53 _ — 
Oe MbvUte so 2d 4 et oe SIT 142 side inn 
2 guide posts ..,|8x8x 26 278 —_ ome 
6 guide supports ,.|6x 8x 8 192 seo nie 
3 guide post ties .!6x 6 x 12-1/4 110 sits — 
i guides..«.4-« ~ & & | = 6 = 26 208 _ ro 
1 sheave beam ...-/10x12x9 90 a ~_ 
O05. - us ee LOS te. 2k LLO -—— — 
4 sheave posts ...-|8x10x 4 107 — — 
Total «+ see = 000 
2 tle rode 4 sca s (3/4 x8 ou 
do. ee F @ 2 3/4 x 14-1/2 
6 tie rode , ... | 3/4 x 16-1/2 
2 tie rods 4 +. « « » | 3/% x 1841/2 
do. a@: ge ae LOPE = Siete 
do. ..6.%« » @)3/" = 22-172 
by tie rode 4-5-4 66-1245 /6 = 6-3 /4 
US DOLEE «6 a: ae we Fe Case 
SOS 2 awe oe 1 RB del se 
2 OGLGE «. ~ 4: ee UR ar 
do. x se @# @ 7 x 2-1/2 
S DOLE. cok ow « 1 PE eS 
36 DOLCe + a eS De Se 
Total a a oe a — 
4 steel plates ...{6 x 1-1/8 x 7-1/6 655 
3 steel plate washers} 10 x 6 x 1 inches 135 
2 steel plates . . . {10 x 10 x 1~3/8 inches 92 
COPRA: 38. 8) RG = eee a ald 
42 angle washers » . — — 25 
140 flat washers .. = - — 
2 sheave wheels .. |34 inches, 0. D. 402 
COYAVOL 6 6.4 ew @ & 1OeTS Cha Fas. AS S5700 Ids 2 000 
Sands % 0. « «4%. «5 [0456 8 at 2,400 lb. 
a a a ae sacks at 94 lb. 470 
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TABLE 12, ~- Material and cost of head frame shown in figure 6 (continued) 


S 
COST 

“| Item | Quantity | nit cost Total cost 

“ther . . 2. . 6 12,478 + (10% x 2,478) = 2,800 dd.ft 4$25 per M - $70 00 
zel plates .. . |882 pounds 10¢ per lb. $8.20 
2» rods and bolts |960 pounds 10¢ per lb. 96 .00 
zle washers .. |25 pounds 15¢ per lb. 3.75 
at washers . . , {140 2¢ each | 4. % 2480 
save wheels .. |2 | $00 | 4 £00 
nd and gravel . |1.08 cubic yard $3.50 per cu.yd:. °3.78 
pont . «+ « « « ¢ |S sacks $1 per sack 5 00 
Me sk we @ we eS Ba $3 per gallon -| 36,00 
bor, painting . |6 days $5 per day 30 .00 
ection . . . « « {2,800 board feet $30 per M_ 84,00 
Total oS @ (4) 4 es oe D ) 54 
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TABLE 13. ~ Material and cost of head frame shown in f rel 


MATER TAL 
Approximate dimensions, 

Item inches x inches x feet 
4 posts, front ....|8x8&x 34 
2 poste, back « .«.-¢« | 8x8 x 38 
OS otrsite.4. 6 #¢ s %% e 1 OBES ote 

40: 4 wee 6s oe Se S TOcsh 
GS €tTwtet so. gas ore 15628 XS 1/4 
5 gtrute 4.64 « 3 «> $8 26 we Tse 

Gb: a we Ra are PS SS ZS 
2 struts . ge £2 eee ae 
2 guide supporte Yee 62.8 = ht! 
4 enide supports... |6x6x 6-3/4 
W URCGR 6 be so ew 1 eb ee e612 
4 diagonal struts ../{/6x8x or 
2 sheave girder sills 5 £8 x: Jars 

do. | le X ae 2% 9 
4 sheave girders . . . | 10x12 x 7~1/4 


te 


Sh ae ee ae tae Oe OOO 


Oo GAG Vode +. w @.% ee PP ee by, 
do. aoe ae TO a 51 
% tie Teds oy ce « @ 15/4 2 IBa1/2 gh 
L tie 700. - a: ys «: @ @ o- | OF & Tel /4 20 
2 tie. rode.» 2 a ss » $3/4 &.B«1/2 62 
do, . £8 oe &- 2 3/4 x 22 66 
do. : 4 x we Ged SPR & Tose 50 
do. es 2© © @ © 8 ee x 13~-1/4 136 
do. eee w ee 13S = 63/48 21 
1B BOLUS 4 we es ce ok et Lg 
16 Delt <,«-0 ese -@ 1 3/7) Rlel/e 36 
S We ts <6 & os ee) Te eS 27 
Mts 6 ceca xe ) Lease 8g 
do. ee 8 © «© © © »& Ls2 il 
LO: OOIUR & «2 4) eo ee Ss Le Bale 107 
L driftbolts ..... |1 x 1-1/2 16 
8 atrap bolts « «» « | 1 4inch dia. x (3* x 1/at) ‘a 
x 3-1/4 ft. at 13 1d, 104 
MOUAL. Ge ek OM ae ee 862 
28 angle washers ... — 1] 
144 flat washers ... -- Pes 
2 sheave wheels ... — hoe 
Gravel . «= eee «© » 1 Os8S Candle. yerde 2,200 
BRO. oe igo as a ee 42 cubic yards 1,000 
Cement a s..«.64 «6. 6 Backs 0 
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TABLE 13. ~ Material and cost of head frame shorn in figure 13 (Continued) 


COST 
_ Total 
— s acmiataled cost 
“ber. 2. ee © | 2,873 + (10% x 2,873) = 3,200 board feet|$25 per M ~ $80.00 
3 rods and bolts | 882 pounds 10¢ per lb. 88,20 
tle washers . .|17 pounds 15¢ per lb. 2.55 
at washers ... . | 144 2¢ each 2.88 
gave wheels .. .]| 2 $22 7 4.00 
ad and gravel .|1.25 cubic yards $3.50 per cu.yvd. uO 
Wi a 6s «a «x 49S Backs . 1 $1 per sack 6.00 
ae. as 4k Se, ee 7 $3 per gal. 45 00 
bor, painting .| 7 days $5 per day - 35.00 
WOLLON..5, 6s. 200 board feet 450 per M 96.00 
Total “a tx a eae _ee S4Ou .03 
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TABLE 14, ~ Material and cost of head frame shown in figure 16. 
MATERIAL 


Item 


2 posts, 
2 posts, 
2 struts 

do, 


2 struts 


1 guide sil 


do, 
do. 


1 sheave beam 


do. 


front 
back. 


. 
e 
. 
9 
Ld 
o 
- 


: 
: 
z 


: 
® 
° 
° 
. 
. 
. 
. 
° 
° 
a 
° 


4 sheave posts 


Total 


2 tie rods 


do. 


do. 


4h tie rods 


® 
? 
¢ 
@ 
+ 
* 
. 


* = ° * * « --« > « - ee 6@ @ ese «& + @® @ - 


os ss .« - oe e® -@ @ -@ *- * ° oe eo @ @ @ e 


4 steel plates 
& steel plate washer 
50 angle washers .. 
114 flat washers . . 


2 sheave wheels 


e . >. s « -@ eo @ es oe @ - <« s+ #- « @ eo -: 


«- 2* © 8&8 -@© @ @ @ @ 82 -@ @ @& "@ «@ @ -@ -@ -@ 
= = 7 + 2 ee «se ” . e . « .- « 7 a ee _. 


Gravel s Se 6. @& 4% 
Sand oa a a oe 
UOMORG 6 e646: as 
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- - <« * . eo # eo e 8 -©@ .- ee ¢# -@ e eo oe -e 


ee eee Tee ee ee ee Lee he he kes 


1 
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HMM Me A OM Oe OM 


Ba Be a Wie itn Be Rites Re Rie ee ae ih Sie 
i ee ee a a a a 
ot. i. oe. | 

= 

==§ 

} 


34 inches 


, O.D. 


~/2 cubic yards 
-36 cubic yards 


sacks 


—36- 


U5 none ne 
385 _ em 
66 once nn 
197 —_ — 
99 -- _ 
yy sis ‘nn 
373 _ — 
102 — — 
145 _— -_ 
188 — ~ 
5 — — 
110 ote i 
ps tani ime 
Ze ae ae 800 
fe > 52 
mass Thy 62 
idan | Ls 68 
a yo 63 
eis 30 U5 
one 39 Yd 
_ 35 43 
_ | oe 7 
—_ | 34 51 
seis | ks 66 
wisi 49 74 
_ 23 be, 
weds } 5 8 
sy 36 54 
ayn 56 150 
am 11 29 
—_ 13 35 
oes 12 t 
ee a 
1,250 
155 
30 
42 
2,000 
0 
(continued) 
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Ja 


ber ... «+ {3,103 + (10% x 3,103) = 3,500 board feet! $25 per M - 


Quant ity 


+rods and bolts|996 pounds 


yel plate . . »« |1,385 pounds 

tle washers . . |30 pounds 

it washers .. {114 

save wheels .. [2 

ad and gravel . |1.08 cubic yards 
ment . « « « e |5 sacks 

int ee ee 15 gallons 

bor, painting . |/ days 

ection . « « « OO board feet 
Total *._f- + @© @ a ae 
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TABLE 14. ~ Material and cost of head frame shown in figure 16. (Continued) 


COST 


Total 
{Unit cost ‘cost 


$87 .50. 
10¢ per lb, 99 ,60 
138.50 

L, 
2,88 
WU 00 
$3.50 per cu.yd. 3.78 
$1 per sack 5.00 
$3 per gal. 45.00 
$5 per day 35.00 
$30 per M 105 .00 
-— $570.76 
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Top Sheave girder el 
ONS iy 


Height 


Rope 


Front post z 


Width a 


G. 1 inch = 12,600 Ib. = breaking 
az of 


stren 
\ > R = 1.85 in.x 12,600 = 23,300 Ib. 
ted Parallel to front rope 
Front posts = 6,900 Ib. 
Parallel to front 
% Qe, — 
S % 


Parallel to back posts 


——————— 20’-3” 
Load on rope = 12,600 Ib. 


STRESS DIAGRAM 


e—_—_—- 12 
B 


Figure 1.—A-type head frame: A, Essential members; B, stress diagram. 
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Figure 3.—Construction of laminated column. 
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Figure 4.— Details of splice. 
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detail see fig. 10 
to For shaft-collar detail see fig. 7 
y For footing see table 8 
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Figure 5.~A-type head frame. 
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For sheave-girder detail see fig. 11: For other detail see fig. 5 
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Figure 6.—A-type head frame. 
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Figure 8.—Small sinking head frame for vertical shaft. 


All other bolts &” diameter’? 
See fig. 2 for other details 


Seale, feet A ORS 
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Figure 9.—Small sinking head frame for inclined shaft. 
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Figure 9a.— Details of guides or skids, inclined shaft. 
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SECTION A-A 
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Figure 11.—Sheave-girder details suitable for inclined shaft head frame. 
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SECTION AA 


Figure 12.—Sheave-girder details. 


For B—B see section « 
A-A, fig. 11 
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Figure 13.—Four-post head frame. 


For strap-bolt 
detail see fig. 15 
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Original from 
THE OHIO STATE UNIVERSITY 


Figure 15.— 


viatizesty GGOOGIe 


D9ZTITOHTp-3)6005 ‘utTewog 2T1qGNd 
IWS 97-20 8ST-60-7Z0~2 YO Po esoUsy5 


TI By aes syeyep sapsid-aneays 404 
“J@YSEM AYE} O} JOQWII} JNO YD}ON 


‘YeYS PeuljoU! 10} BWesy peE9H—Q[ ouNBI4 


Mop x21 *W01 


A 


Original from 


THE OHIO STATE UNIVERSITY 


Digitized by Google 


